Abstract-A curriculum for electrical power engineering based on project based learning (PBL) methodology has been designed. Although the educational program is totally based on PBL, this curriculum is comprised of two types of study units. Some study units are based on a combination of lectures, tutorials and problem based learning techniques. Others are fully based on PBL. As an example of a fully PBL study unit, a course in power system analysis has been developed. For delivering the course in PBL, a power system laboratory has been established, which gives students access to professional software packages. Realworld industry-relevant projects are defined in the areas of power system operation and planning. These projects are used as stimuli for student learning. Portfolio assessment is used to assess students learning outcome. The first delivery of the course has been successful with positive feedback from students.
I. INTRODUCTION
Across the globe, universities and industries have undergone a long period of low interest from young generations towards undergraduate engineering programs, especially electrical power engineering. For example, the percentage of undergraduate electrical engineering students committed to electric power in the USA declined from 1978 to 2001. In the 1970s, power represented between 10 and 15% of the undergraduate EE enrolments; in 1992 it was 7%, and its minimum occurred in 2001 at about 5.9%. It seems that students have shown more interest in the power engineering area since 2001. The 2002 data showed that the trend was reversed back to approximately 7% [1] .
In Australia, a period of downsizing from 1997 meant that less graduates were required and the funding for higher education and research was no longer available. Consequently, demand for graduates reduced, which resulted in an inevitable, significant and continuing decline in the ability of Australian university power engineering faculties to carry out teaching and research in almost all aspects of power engineering [2] .
The shortage of power engineers has been noticed by the industry leaders. Consequently, the power engineering industries started to seriously support the universities in Australia to promote power engineering programs. Australian Power Institute was established on a national scale. In the State of Queensland, a Power Engineering Alliance (PEA) was established, which comprises from leading industries and universities in Queensland. The Objectives of the PEA has been stated to boost the quality and number of engineering graduates with the skills and motivation for a career in power engineering, and to contribute to their ongoing professional development [3] .
As the requirements of the stakeholders in the engineering education process have changed, Central Queensland University (CQU) has adapted its offerings and incorporated new and innovative approaches to learning and teaching. CQU currently offers electrical engineering undergraduate programs at Associate Degree of Engineering (ADE), Bachelor of Engineering Technology (BET) and Bachelor of Engineering (BE) levels. A particular area of interest is the Bachelor of Engineering co-operative/ Diploma of Professional Practice (BE/Co-op) with the latter element of this dual award specifically recognising and credentialing professional engineering practice incorporated in the program [4] . The program philosophically relies on project based learning (PBL) methodology in facilitating student learning.
A major review of undergraduate engineering programs occurred at CQU in 2006. The program review outlined a broad philosophy, which governed the structure and delivery of courses in all discipline plans. Within this philosophy, Discipline Groups were delegated the task of devising the program content for their discipline plans, under the guidance of the Discipline Leaders. The outcomes of this review for the electrical discipline are discussed in this paper. Then, as an example of the layout of individual subject units within an integrated PBL program, the development of a new PBL course in power systems analysis will be discussed.
The following sections outline a new curriculum design in electrical engineering. In addition to the increased integration of the programs, the new electrical engineering program has a stronger emphasis on Project/Problem Based delivery across the suite of programs. The new curriculum enhances student learning by introducing innovations in course design, teaching methodologies and learning resources that ensure students have the skills, knowledge and attributes they need to enter the engineering profession. A strong linkage is formed through collaborative research projects, industry training courses and on-going networks to ensure student learning is industry-relevant and real-world focused. By making classroom learning experiences industry-relevant, interactive and student-centred, educators will be able to influence, motivate and inspire student learning. The development of curricula and resources are based on not only engineering technical requirements and current industry practices, but also of contemporary pedagogical approaches and active learning principles.
II. NEW PROGRAM STRUCTURES
As a result of the program review in 2006, the Associate Degree of Engineering has been decoupled from the BET offering. The required graduate attributes of the associate program identify an independent program with clearly defined articulation. The decoupling of ADE from the BET program allows the ADE to be completely tailored to the needs of industry. The courses can be much more practically focussed without compromising the future needs of the students who will continue into the BET. Table I shows two of the three electrical specialisations in ADE level.
The BET has been redeveloped to align with new directions of Engineers Australia in defining the role of the technologists. The wording of the documentation indicates that a Technologist may be the equal of an Engineer in their defined area of specialty, but the skills of a Technologist are not necessarily transferable to different areas of the discipline, or different industries. The revised BET program shares most of the courses with the BE program, allowing more flexible options for students. The use of different BE course combinations has allowed three electrical specialisations to be retained without additional courses being required. The revised structure for two streams (Power and Control) is shown in Table II . The timelines in this program are indicated for part-time study, as this is currently the most popular option. The BET program contains a greater amount of Computer Aided Design (CAD) content compared to the BE graduates, and a slightly lower amount of mathematics. All courses will be available internally and externally, allowing students to select the study mode most suited to their personal circumstances and to change that mode as their circumstances change.
For the BE(Co-op) program associated with the Diploma of Professional Practice the major change is a redistribution of course content and outcomes. The new program still has a completely common first year, but the commonality has now been extended to encompass 75% of the second year courses, as shown in Table III . The remaining 25% of the courses in second year are discipline based. As CQU is a multi-campus university, this change allows the second year offering to be extended to the other campuses.
The course content has been redistributed and integrated with professional practice components to meet the full spectrum of Graduate Attributes in an explicit and clearly identifiable manner. The shaded cells in Table III represent those courses which are associated with the Diploma of Professional Practice. The BE standard Program shares the same structure as the plan shown in Table 3 , but with the Shaded cells removed, and the other courses redistributed into a four year delivery. These second year courses are common with mechanical and civil disciplines except for the two electrical courses. This alignment of the BET and BE allows clear articulation between the two programs. Students completing a BET will only be required to do the additional courses from the BE program which were outside the specialisation plan chosen. The sharing of courses between BE and BET programs will allow more flexible options for students. All courses will be available internally and externally, allowing students to select the study mode most suited to their personal circumstances and to change that mode as their circumstances change.
III. DEVELOPMENT OF NEW COURSES IN POWER ENGINEERING
The main courses in power engineering are Electrical Power Engineering, Power System Analysis, and Electrical Machines, Drives and Control. The Electrical Power Engineering is offered in the second year, semester 2, and builds up the fundamentals of power engineering. The prerequisite for this course is Electrical Circuit Analysis.
Power System Analysis and Electrical Machines, Drives and Control are developed for third year and fourth year offerings. These courses are designed based on the PBL methodology. Both these courses are 12 units of credit, which is equivalent to two conventional 6 units of credit courses.
The development of these new PBL courses has involved the creation of a Power System Laboratory and a Machines and Drives Laboratory. The courses follow a student-centred learning methodology by PBL. Power System Analysis covers the main concepts in operation and planning of power systems. In the course Electrical Machines, Drives and Control, students learn about machines and their control gears by doing projects in the Electrical Machines Laboratory. Although similar laboratories can be found in many other universities across the globe, the way that they are being used to conduct PBL methodology in facilitating deep learning of students based on real world problems make them different and perhaps unique at this stage of time. Particularly, for Power System Analysis, projects have been defined in the following areas.
• Modelling of power system components using commercial software packages • Load flow studies • Fault studies • Economic dispatch • Load forecasting • Power system planning • Power system stability Professional software packages, which are used by Australian transmission and distribution companies, such as PSS/E, PSS/SINCAL and PSCAD has been made available for students to conduct the above projects. This gives students the opportunity not only to learn the learning outcomes as per a Course Profile designed for this course, but also to learn software packages that they will use in the relevant industries after their graduation.
As pointed out by [5] , the knowledge and experience learned by the students in their earlier stages of studies play a major role in the success of PBL. At CQU, with the program plan of Table III , prior to undertaking Power System Analysis, students have normally completed four courses in PBL, namely Engineering Skills I, Engineering Skills II, Materials and Processes and Engineering Design. They have also completed Electrical Circuit Analysis and Electrical Power Engineering for building up their fundamental understanding of circuit analysis and power system components, as prerequisites to power system analysis. This prior background enables students to undertake the defined projects and further acquire more advanced topics in power system analysis.
The course delivery includes lecture and workshops. During the lectures, the basic knowledge is delivered to the students. Lectures basically guide the students to learn the required background knowledge more efficiently. On the other hand, during the workshops students learn the professional software packages, conduct the projects, obtain relevant information and learn various facets of the course by doing real-world practical projects. Students are asked to make teams and collaborate with their team members in doing the projects. The following assessment components are required from the students, who will put all these components together to build their portfolios.
• Project reports
The 'project report' outlines the steps taken in doing each project and the results obtained. Students learn how to write technical reports by doing this. The 'reflective journal' includes weekly reflection on issues arising from the conduct of projects as well as reflection on what the student has set out to learn, how they have approached their learning, what they have achieved and what they would do differently in future to improve their learning. 'Workbook' contains the intermediate work done by students in performing projects, notes on lectures, tutorials which are done voluntarily by students, etc. 'Mid-semester test' is given to students to evaluate basic knowledge that students need to learn in this course and has normally been covered in lectures. 'Reflective paper' is written by students at the end of the term, in which students reflect on how they have achieved all learning outcomes of the course according to the course profile. Students must also nominate a grade for themselves and justify it. They should also evaluate their peers (team-mates).
The portfolio, which includes all the above components, will then be assessed by the facilitators (i.e. lecturer or instructor). It has been observed that the above components are sufficient to have an effective assessment.
IV. DELIVERY OF THE COURSE
The course Power System Analysis in PBL mode was delivered for the first time in semester 2, 2008. Students feedback has been very positive. For example, one of the students has summarised his experience in learning power system analysis in PBL as follows.
"This course has enabled me to critically analyse the operation of power systems. The lectures were valuable as they taught me the fundamentals, exposed me to many concepts and laid a groundwork of knowledge for our class projects. During the lectures, explanations of the concepts were clear, uncomplicated and pitched at the right level for our understanding. The lecturer encouraged us to interact and learn applicable case studies and the practical context of the theories. The course material also encouraged me to undertake my own studies as this is the direction I wish to take in my future career.
All the questions posed real life problems, which has given me a hands-on experience that is valuable. When I start a job, I will already be on the front foot with the right mindset and approach. An aspect of the course I personally liked is that I could apply academic concepts to industry applications and vice versa. I believe to be a competent power engineer you need both experiences. I've attained a basis of knowledge and I am now sufficiently competent to make design decisions in the power industry.
As I looked back at my improvements, it is evident that I've had a steep learning curve and I'm far ahead of where I was. All the time, I tried to be involved and sought to learn as much as possible. I made the most of the opportunities and was not necessarily limited by the class material. At every opportunity, I sought advice and posed difficult questions of my tutor. It would not have been possible to learn as much as I did without his help and advice. He encouraged and pointed us in the right direction when we faced difficulties. I firmly believe I only get out what I put in. My exposure to more advanced topics has renewed my enthusiasm for research and innovation.
To reflect on the course material, I believe I have a far more comprehensive knowledge of the principles. At the outset, I had a fairly simplistic perception of basic electrical equipment including cables, generators and transformers. Now I can design to specifications, interpret nameplates and set ratings based upon standards. What I liked in the course is that there wasn't a single right answer. In design, I must simply be able to justify my decisions. Economic dispatch is a career path I wasn't aware of, so this lecture opened my eyes to another option.
The analysis of the IEEE 14 bus and industrial networks were realistic and not overly simple. Given a network model, I can determine its state, weak points, robustness and behaviour. After unpredictable results, I understand the limitations of models. The simulation is only as accurate as the input data. I am unlikely to make the same mistakes in the future. I appreciated the opportunity to model faults as this is one of the most important and least predictable aspects of power systems. I understand the serious risk of faults and the need to provide adequate protection.
The test made me continually revise the essential knowledge and presented me an opportunity to apply what I learnt. It is important to understand the theories that I will use in the workplace back to front. Overall, this is the best PBL course that I've studied. The course was well run, it challenged me but the expectations were realistic with hard work. This is only possible thanks to the instructors' dedication and willingness to assist, encourage and help me learn."
Other students have given similar feedback.
The assessment results were distributed evenly. Among 19 students, there were four high distinctions, four distinctions, five credits, five passes and one fail.
V. CONCLUSIONS
The review of Engineering Programs at Central Queensland University (CQU) has resulted in an improved set of program plans. The new plans have provided clear articulation pathways for the programs. The program review resulted in the integration of Project Based Learning and Flexible Delivery across the entire engineering undergraduate program spectrum and has extended the innovation of previous reviews and continuous improvement processes into all the engineering programs at CQU.
As a part of the electrical engineering program, a PBL course in power system analysis has been developed and offered for the first time in the second semester of 2008. A power system laboratory has been established, which gives students access to professional software packages in power system analysis. Projects in the areas of power system operation and planning have been defined. These projects have been used as stimuli for students learning. It has been observed that the students learning are optimised when this course is offered as a part of a program which is entirely based on the PBL philosophy. The program is expected to produce professional engineers, technologists and associates that are industry ready and highly sought after.
